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A semispanmotilof atriangularwing eqlulppedtitha skewed 
win@ip flap was tested to evaluate the effectiveness and hinge- 
moment characterfstics of this form of control surface up to a 
Mach nuiber of 0.95. 

Lift, drag, pitching-moment, andhinge-lraonsent data are presented 
for Mach numbers from 0.30 to 0.95 at a constant Reynolds nuniher of 
3,W,~. Similar data are presented for a &ch nuniber of 0.18 at 
+ Reynolds number of 5,000,OOO. 

The data indicate that the effectiveness of the flap was low 
at all speeds. An increase in Mach mmiber from 0.30 to 0.95 -roved 
the lift effectiveness of the flap by 20 percent and the yitcw 
moment effectiveness by 4.0 percent. 

The rate of change of the hinge-moment coefficient with angle 
of attack w&s large and negative and changed from -0,029 to -0 .OkO 
as the Mach number was increased from 0.30 to 0.95. For the same 
range of &ch &ers,the rate of change of the wm5nt coeffi- 
cFent with flap deflection increased negatively from4.008 to 4.010. 

When applied to a hypothetical airplane, the skewed win@ip 
flap is shown to require flap deflections and hinge moments several 
times greater to matitainlevelflight thandoes a constant-chord 

l flap. 

UNCLASSlNED 
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INTRODUCTION 

wings of trianguLar planform, combiningthe structural 
advantages of low aspect ratio and high taper ratio with the acre 
dynamic benefits of a highly swept leading edge, have been shown 
to be suitable for flight at moderate supersonic speeds. As a part 
of systematic research on supersonic airplam configurations at the 
Am8s Aeronautical Laboratory, tests are being conducted to evaluate . 
the relative nmrfts of flaps of various plan forms for use as longi- 
tudinal controls on triangular wings. 

5 data presented in reference 1 show adverse compressibility 
effects on the hinge+mment characteristics of a constant-chord flap 
havinganmswepthisgeline. 5 present series of tests was 
conducted in the Ames E-foot pressure wind tunnel to determine if 
Sweeping Of the contrOl-surfac8 hinge line would 8Ueviat8 these 
compressibility effects. 
&~;02was 

Awing-tip flapwiththe hinge line swept 
tested on a semispan mdel of a tr ianguLar wing of aspect 

. Flap effectiveness aad hinge smments w8re m8sUred at 
Mach numbsrs up to 0.95. 

SYMBOLS 

> -CD 

ch 

CL 

c, 
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drag coefficient 

lift. coefficient 

> 

pitching4nomant coefficient 8bOUt the quarter-chord point of 

the wi,ng mean aerodynsmic chord pitching moment 
qSc' > 

Reynolds nu&er 

ving =‘=a> square feet 

airspeed, feet per second 

gross weight of airplane, pounds 
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- 
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W/S 
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bf 

Ff 

c' 
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winglcading, pounds per sqi3are foot - 

speed of sound, feet per second 

span of the flapmeasuredalong the hinge line, feet 

rootdtearesquare chordof the flapaftof the hinge line 
measured perpendiculsr to the hinge line, feet 

wing mean aerodynamic chard, M.A.C. (chard through centroid of 
semispan wing plan form), feet I 

dppic pessure ($- PI=), pounds per squsre foot 

angle of attack of wing chord line, degrees 

flap deflection measured in a plane perpendicular to the hinge 
line, degrees 

viscosity of air, slugs per foot-second 

mass density of air, slugs per cubic foot 

MODEL 

Except for the change in control-surface planform, the mod81 
wing used In this research was the same as that used in the investi- 
gations reported in references 1 and 2. The profile w&s an uncsmbered 
double wedge modified by rounding the ridge and the leading edge. 
This modification changed the aspect ratio slightly as may be seen in 
figure 1, the value far the complete triangular wing repesented by 
this model being 2.036 instead of 2 as stated by the title of this 
series of reports. The controlsurfacewas trian&Larinplanform, 
the hinge line being swept at an angle of 63.43O. The area of the 
flap aft of the h%lge line was 20.45 percent of the wing area. 5 
control surface was attached to the wing by three hinges and was 
restrained Just aft of the point of maximum wing thiclmess by E 
flawle indexing bracket and strain+age unit. The flap had a 
radius nose and an unsealed gap of approximately 0.04 inch. 

The semispan model was mounted vertically on a turntable in the 
flat section of the tunnel floor as shown in figure 2. 

CmCTIONS TO DATA 

Corrections have been applied to the data for the effects of 
tare forces, tunnel-wall interference and constriction. These 
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corrections are the ssxns as those applied to the data ror the wing 
i 

alone in reference 1. 

Angular deflection of the fla-le indexing head under load 
w&s tiown to be appreciable due to the low.rigidlty of the resixainin& 
bracket. The magnitude of this deflection was ascertained froan a 
static loading test of the fhp. Since the nc+oadflapangle was 1 
set by IEJ~IIS of the indexing head, each test run represents a small 
range of flap deflections. I+taforconstantflaps&Les sndconstant 
angles of attack were obtained by interpolating graphically between 
the tee-b points. We was taken to preserve any irregularitiee, so 
that the uniformity Of tl?8 ti8t points for any one curve IS typiCE%l 
of the uncorrected data. Angular distortion of the flap itself as 

.a result of aeromc loading was negligible. 
-. 

Test data at points where ths hinge moment passed through zero 
may be in error, as the flap was free to move approximately on+half 
of a degree in either direction from the desired flap setting without 
the applioation of load. This freedom was due to the difficulties 
encountered in the construction of an indexing bracket and strain- 
gage unit small enough to be contained within the wing. 

TESTS 

Lift, drag, and pitohing+noment charact&ristics of the model 
andthe hingm nt characteristics of the flap were measured over 
anangle-of~ttackrange for various flap deflections. 5 data 
were obtained at a constant Reynolds number of 3,2OO,OOO for I&ch 
nmibers ranging from 0.30 to 0.9 and at a constant Reynolds number 
of 5,000,OOO for a Mach number of 0.18. .5 angle of attack of the 
model was varied from -loo through 30° for flap deflecticms from 4O 
to -26O. At Mach numbers greater than 0.3, the angle-of-attack range 
was limIted by vibration of the flap or by stress llmftations of the 
strain gage. 

REmTs l 

Ee.ta for a range of angles of attack and v&rlous flap deflections 
am presented in figures 3 through 10. In these figures, angle of 
attaok, pitching-moms nt, hinge-mom.3 nt, and drag coefficient are 
presented as a function of lift coefficient far flap angles ranging 
from 4O to 4260. The d.af+ presented in figure 3 were obtained at * 

a constant Reynolds number of 5,000,OOO for E Mach number of 0.18. 
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The data of figures 4 tbrough1Owere obtainedata constantReynolds 
number of 3,200,ooo for Nach numbers of 0.300, 0.600, 0.800, 0.850, 
0.900, 0.925, and 0.950. 

DISCUSSIOH 

The datapresentedinfigures 3throughlOindicatethe flap to 
be effective in producing changes in lift and pitohing moment at Wch 
numbersupto O.sfor therange offlapdeflections. Afmdmove- 
mnt of the aerodynamic center occur8 Et positive an&-e8 of attack ES 
the flap is deflected in the direction to decrease the lift. This 
change in longitudinal stability results in greater vsriation of 
pitching-manus nt coefficient with flap deflection as ths a;ngle of 
attack is increased. 5 rate Of change of hinge4maent coefficient 
with lift coeffioient is & maximum for small vahes of lift coeffi- 
cient. 

Figure ll pesents the variation of UP&drag ratio tith lift 
coefficient at three Mach numbers, 0.300, 0.800, and 0.925. Since 
the model was symmetrical about the chard plane, positive flap 
settings may be represented by reversing the sign of the ares. 
Reference 1 has shown that small positive deflections of a con&an% 
chord flap resulted in as increase in the lift-drag ratio fm Mach 
numbers less than 0.93; whereas data for the skewed w--tip flap 
indicate a reduction in lif%drag ratio when the flap is defleoted. 

Figure 12 pesents.the variation of lift, pitoting- nt, and 
I. hingeamnt coefficient with flap deflection for 0' angle of attack 

at several Wch numbers. Flap effectiveness and hinge mmnt are 
approximately linear at O" angle of attack-for t;he range of flap 
deflections, An increase in Mach number caused an increase in the 
absolute values of the slopes of these curves, The lift effective- 
m88 a&/h and th8 pitohf ng-mament effectiveness &/& measured 
through O" flap deflection at O" angle of attack are pesented in 
figure 13 as a .function of I&oh number. The effectivensss of the 
constant-ohord flap on the sums wing (reference 1) is included for 
0omDarison. The effectiveness of the skewed wing-tip flap is 
approximatelyone+fourththatofthe constant-ohordflap. The 
effectiveness of either flap increases with increasing,BBch number. 

The hinge40ment parameters &&/aa for undeflectedflap 
measured through 0' angle of attack, and &&/as at O" angle of attack 
measured through 0' flap deflection are pesented in figure 14 as E 
function of Wch number. Similsr data for the constant-chord flap 
(reference 1) are presented for ccmrpsrison. The value ae &h/as for 
the skewed wing-tip flap fs about on&half the value for the oonstant- 
chord flap; whereas the value of &h/h is more than three times ES 
lsrge for the skewed wing-tip flap as for the constant-chord flap. 
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The control-surface deflection and the corresponding hinge- 
moment coefficient required to balance the triangular wing about 
the 0.25 point of theM.A.C. at various lift coefficients are shown 
in figure 15 for several Mach numbers. Dataare presentedforboth 
the skewed wing-tip flap and the constant-chord flap. The compsrs 
tively low effectiveness of the skewed wing-tip flap is clear4 
shown in this figure. It is seen that, for a given oontrol-surface 
deflection, the constantihord flap will produce four times as large , 
a balanced lift coefficient as will the skewed xi=-tip flap.- 

. 

Incompari~the hingw nt coefficients of figure 15, it 
should be noted that the hinge-moment dimensional constant bfcf2 
is 1.825 times ES great for the skewed wing-tip flap as for the 
constant-chord flap. The hinge- nt hoefficients of the skewed 
wing-tip flap are little affected by B&h number, while the hinge 
moments of the constant-chord flap reverse at the higher Mach numbers. 
Atall Mach numbers, the magnitude of the hinge mc&nts is many times ' 
greaterforthe skewedwing-tipflapthanfor the constantihordflap. 
The lmge valuea~f-hing wnt coeff.icient required to batice the 
triangular wing with the skewed wing-tip flap are always negative and 
are primarily the result of the large negative value of a&CL. 33 
is thus indicated that the hinge moments could be reduced in magnitude 
if the moment center of the-wing were shifted forward. The skewed 
wing-tip flap deflection and hinge -moment coefficient required to 
balance the triangular wing about the 0.25 point of the M.A.C. and 
the 0.10 point of the M.A.C. are compared in figure 16. The forwsrd 
location of the center of moments results in a large reduction of 
the hinge moments required for balance; however, due to the large 1 
static stability the flap would be ineffective in balancis the 
airplane to even E moderate lift coefficient. = 

KFI'LTCATIOlV OF DATA - 

The data of this report have been applied to the calculation of 
the levelcflight characteristics of a hypothetical tailless airplane 
equipped with a triangular wing geometric~l.4 similar to the model 
wing. The dimsnsions of the airplane were assumed to be as follows: 
WiIlgar8E..,".........~D........ 500 sq ft 
wirIgspan; .,... l . . . . l ** . . . . . . . . . . . 31.91rt 

Control-surface area . . . . . . . , . . . . . . . D 102.25 sq ft , 
Control-hinge mcrnrent . . ; . . . . . . . . . . . . 612.6~ ft-lb - 

Cen~rofgravity.........,........ 0.32 M.A.C. * 

With the exception of the type of control surface and the absence of 
a fuselage, the hypothetical airplane is identical with that employed - 

, -=i 
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in the calculations of reference 1. Since the data of reference 1 . indicate that the addition of the body caused only minor changes in 
. the wing characteristics, the results of these calculations can be 

. compared directly with figure 29 of reference 1. 

5 lift coefficient, flap defl8ction, and hinge moment required 
for level flight at an altitude of 30,000 feet are presented in 
figure 17 for wing loadings of 40, 60, and 80 pounds per square foot. 
Stick--fixed stability is seen to exist at all &ch nusicers but the 

I control forces are extremely large and, if tabs are used to trim 
the airplane, stickeree instability will exist at all subsonic 
B&h nusibers. Calculations indicate the stickgree neutral point 
to be at about 0.07 M.A.C. but, aa--Ereviously explained, excessive 
flap deflections would be required to balance or maneuver the 
airplane with this center-of-gravity position. 

The following table compares-the values of the untrinumad hinge 
Y moments of a skewed wing-tip flap and the constanhhord flap for 

, level flight with a wing loading of & pounds p8r square foot: 
, \ 

a 
B&h number Hing8moment I 

. . Skewedwin@ip flap Constant-chord flap 
* O.&l -16,000 ft-lb ~,OCO ft-lb 

.80 -1~~ooO f-t-lb -2,400 ft-lb 
. -19,000 fGlb 4,000 f-t-lb 

-2l,OoO fGlb -1,000 f-t-lb 
J 

At these Mach numbers, the superibrity of the constant-chord flap 
is clearly demonstrated. 

, 
c0NczUS10NS .- 

The following conclusions have been drawn from the results Of 
tests of a triangular wing with E skewed uin@ip.flap and from the 
comparison of a skewed wing-tip flap with a constant-chord flap of 
the same sx88 on a triangular wing: 

1. The flap was effective in producing changes in lift and 
. pitching Illolnent at Maoh numbers up to 0.95. 

1 
2. Increasing the &ch number from 0.30 to 0.95 resulted in 

. increases in the lift effectiveness and the pitchwment effective- 
ness of 20 percent and 40 percent, respectively. 

. . 
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3* The rate of charq of hingsmnt coefficient with angle .* - ' 
of attack was a.029 at low ~lpeeds and increaered negatively to 
-0.04-O at a Mach nmiber of 0.95. , 'L 

4. The rate of change of hinge-mment coefficient with flap, 
deflection wa8 -0.008 at low speede aad increamd negatively.to 

: 
- 

-0.010 at a Mach number of 0.95. 
, 

5. The skewed wing-tip flap was leiss affected by comp~eseibility ~ 
than the con&m&chord flap. 

6. The effectiveness of the skewed wing-tip flap as a long?- 
tudinal control was indicated to be about one-quarter as great aa .i 
the effectiveness of the con&ant--Chord flap. ?. . . 

79 The,control forcee for level flight or accelerated flight :L-"' 
wfth the ekewed wing-tip flap and the center of grav$*y at 32 percen; ' ' . 
of the mean aerodynamic chord would be mny timsa greater than the 
control forceB wfth the con&ant-chord flap. 

*:r,.' 

8. At low qeeda, the st;ick-free neutral point with the skewed '. 
wing-tip flap W&B about 18 percent of the mean aerodymmic chord 0 . 
ahead of the &i&-free neutral'point with the conatarrt-ohord flap. 

Ames Aeronautical Laboratory, 
National Adviflorg Committee for Aeronautica, 

Moffett Field, Calif. 

. 
- 
'! . 
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Figure 2.- The semispan trlangulor wing, with o olpfleded skewed 

wing-tip flop mounted in the Ames /Z-foot pressure wind tunnel. 
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Figure.%The aero&amic choractertstics of a triangular wing for vurfo~s fop angles. 
M, O.l8Q R, s,oqooo. 
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Figure 4,- The aerodynamic characterisflcs of a triansrsbp wing for various flap angles. 

M, 0.300; R, q2oqoOO. 
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Figure 5.- ?3e aerodynamic characleristics of a triangufar wing for 
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Figure 6.- The uerodymmc churucteristics of u frr’oguhr wing 
for curious ffup ungies. M, 0.800; R, 3,200,OOO. 
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Figure Z - The aerodynamic charucfer/‘sfics of o frimgu/or wing for 
vafious f/up ong/es. M, 0.850; R, 3,200,OOO. 
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figure 8.- The uerodynmic churucterisfics of u friongdur wing 
for vufious f/up ungies. rw, 0.900; &?# ~200,000. 
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Figure 9.- The aerodynamic chucrcterisfhs .of* o frihguhr wing for 
vufious ffap ong/ea M, 0.92Sj I?, 3,200,OOO. 
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Figure IO.- The ffefodynumh charffcfefisfics of u ffhgUt7f whg 
for vuflous f/up cmg/eS. M, 0.950; #?, 3,200,OOO. 
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figure I.?- The variations of lift coefficienf, phhing-moment coefficient, and binge-moment coefficient 

with flop d8fiection. a, O*; R, q200,OOO. 
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Figure /6.- The variation of lift coefficient at zero pitching moment w/fh flap deflection 
and tinge-moment coefficient for o skewed wing-f-tip flap on a triangular wing 
for two different momenf centers. M, 0.180; R,5,000,000. 
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